The logistic systems are very complex socio-technical systems. In this paper the proposal of application of the hierarchical multi-layers system platform HILS approach for the solution of the complex vehicle routing problems is presented. The interactive system functional structure was proposed which by intelligent dedicated inter-layers interactions enables the professional solutions of these practical problems. To illustrate these capabilities the complex example of the real-time VRP-SPD-TW routing problem was presented in which upper layers offers the context-related real-time updating network specifications that stimulates the adequate routing parameters and specifications updating for problem solution in optimization layer. At the bottom dispatching control layer the DISCON (Dispatching CONtrol) method from public transport was adopted to logistics applications in which the actual routing is treated as obligatory reference schedule to be stabilized. The intelligence aspects are related among others to HILS based decomposition, context-related trade-offs between routing modifications and corrective dispatching control capabilities e.g. priority or route guidance actions. Methods: Decomposition of the vehicle routing problem for the HILS layers tasks creating the ILS system hierarchical structure. Dedicated solution method for the VRP-SPD-TW routing problem. The recognition of the control preferences structure by AHP-Entropy methods. DISCON and PIACON multi-criteria interacting control methods. Results: Original formulation and solution of the vehicle routing problem by system-wide approach with essential practical advantages: consistency, lack of redundancy, essential reduction of dimension, dedicated formulation, multicriteria approach, exploration of the integration and intelligence features supported by the intelligent PIACON-DISCON methods control activities Conclusions: The presented proposal creates the professional approach to the solution of the crucial problems in logistics systems with the implementation of modern tools and enabling technologies.
INTRODUCTION
The provision by logistics systems of the high quality on-time and reliable service is a key operational problem which affects both customers (influences their service standards), logistic operators (best use of existing resources) and the city community (potential to mitigate of the negative congestion and environmental problems especially in the central parts of the cities).
There are many papers in scientific literature covering the development of various systems connected with above mentioned problems [Mingyong 2014 , Shrestha 2014 , Gorodestskii 2011 ].
The professional HILS (Hierarchical Integrated Intelligent Logistic Systems) platform for development of ILS systems was proposed from the perspective of modern system-wide capabilities supported by new available technologies and professional tools [Adamski 2003 [Adamski , 2011b . The main functional features specifications of HILS includes: practically efficient individual ILS systems solutions, dedicated to high level of complexity, stimulating the system efficiency and productivity (e.g. system-wide activities coherency and understanding system processes/ mechanisms), exploration of system-wide communication and integrated functionalities, flexibility/intelligence, new ILS activity supporting technologies, vehicles/ digital maps platforms. This HILS platform is a crucial step enabling the development of practically efficient ILS systems proposals dedicated to very complex dynamic, stochastic and behavioral interactions existing in logistics processes [Adamski 2011b ]. The real time system-wide identification, intelligent diagnosis, estimation and prediction of these interactions, conditioning the efficiency and productivity of the crucial HILS platform integrated functionalities (e.g. management, adaptation, routing/scheduling, surveillance and monitoring and direct control actions). These functionalities are realized in integrated way by the hierarchical multi-layer functional structure and are characterized by different tasks specifications (e.g. decisions time horizons, types of processes representations and optimization problems, reaction times to real time recognized and diagnosed events etc.). This HILS platform is embedded in a nowadays available advanced sensing, information, computer, communication enabling technologies supported by capabilities of vehicle platforms (e.g. vehicle navigation, location, v-v. v-i communication, vehicleprobe etc.) . In addition it is supported by professional exploration of integration (cooperative complex systems approach with multi:
networks/layers/users/services/ objectives specifications) and intelligence (recognizing, diagnosing and understanding complex interactions and behavioral patterns, decreasing uncertainty, unpredictability, recognizing the abnormal traffic events and opportunities for very efficient actions). [Adamski 2014 ].
Five Layers HILS in natural way integrate and vertically orders wide spectrum of decision making and optimal control functions that additionally are supported by integrated data, knowledge and tools basis equipped with dedicated DSS and CASD. At the upper layer the logistic strategy is created by multi-criteria approach integrating layers tasks. The management actions concerning the flows of materials, means, information in the areas of supply, production, distribution from the point of view of clients are realized. [Adamski 2005 [Adamski , 2006 [Adamski , 2011a . The practical proposals of traffic Adamski A., 2015 , Routing problems based on Hils System Platform. LogForum 11 (1), 87-98. DOI:10.17270/J.LOG.2015 multi-criteria control capabilities realized in ITS hierarchical multi-layer adaptive, optimisation and direct control structure were presented in [Adamski 2003 ].
In this context very important new adaptive layer tasks are concerned with existing ITS systems services e.g. vehicle route guidance in the network (e.g. to logistic centres) and automatic incidents detection and management. In this paper the HILS platform implementation for the very complex real-time vehicle routing problems will be presented with exploration of the original multi-criteria dispatching control actions dedicated to these routing problems.
VEHICLE ROUTING PROBLEMS
Vehicle routing problems are well serviced by the functionalities of the HILS platform. To illustrate of HILS application, the VRP-TW (Vehicle Routing Problem with Time Windows) is presented (see Fig.1 ). In this problem the HILS upper layers interactions offer the strategic context related updated demand and network specifications (i.e. adequate level of service specifications and routing parameters values for routing optimisation layer, supported by intelligent monitoring and supervision layer activity. At the bottom direct control layer the DISCON public transport dispatching control method was adopted to the real-time routing disturbances compensations with optimal routing treated as reference schedule to be stabilized by dispatching control actions. The formal VRP-TW typical routing problem specifications implemented in the optimisation layer are as follows: [Adamski, 2011b] The typical VRP-TW problem in HILS platform can be formulated as follows: recognition of demand specifications and strategically compatible available dedicated service resources (localization of depots, admissible service areas and modes). Selection of demand related service standards specifications and optimisation specifications for VRP to be solved in optimisation layer. The selection of representative information sources and estimation, prediction and diagnose traffic situations in the selected areas. Generation by adaptive layer representative estimators of the parameters for routing optimisation problem. The formulation of dedicated optimisation problem with selection of types of ADV admissible decision variables: for example xijk∈{0,1} binary variables used to assignment of the network arc (i, j) to the route of the k-th vehicle; zij∈R1 + demand delivered to customers routed after node "i", yij∈R1 + demand pick-up from customers routed up to node "i"
{ xijk ∈{0,1}; yij, zij ∈R1 + }
Flow conservation principles for delivery demands and admissible routing flows: Adamski A., 2015 , Routing problems based on Hils System Platform. LogForum 11 (1), 87-98. DOI:10.17270/J.LOG.2015 
(ADV)(FCA)(CVS)(OS)
Testing example was selected from [Mingyong, Erbao, 2010] with HILS selected parameters values and problem specifications: types of problem real-time VRP-SPD-TW with CVS customers visits specifications and one recognized depot in v1.
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Intelligent supervision: traffic processes, incidents, behavioral reactions Fig. 1 . Illustration of the vehicle routing dedicated HILS bottom layers functional co-operation Rys. 1. Ilustracja funkcjonalnej kooperacji dolnych warstw HILS dedykowanej dla problemu wyboru tras Adamski A., 2015 , Routing problems based on Hils System Platform. LogForum 11 (1), 87-98. DOI:10.17270/J.LOG.2015 The suggested problem specifications by adaptive layer are as follows: N=8; K ≤ 5; Cap=8; suggested fleet of homogeneous vehicles; Demand is fixed : d = [2 1.5 4.5 3 1.5 4 2. The optimal routing proposals from optimization layer are presented in Table1.
Optimal dispatching control for VRP-SPD-TW problem solutions is realized at the bottom direct control layer (see Fig. 1 ) and is dedicated to compensate off-reference trajectory (determined in optimization layer by routes selection) deviations and essential increasing the robustness of the actual obligatory trajectory. Dispatching control actions dynamically evolving in 2-D (time and space) are integrated in DISCON (DISpatching CONtrol) method [Adamski 1998 [Adamski , 2011a in an optimal dynamic control strategy resulting from the minimization of some selected measures of service standards e.g. offreference routing trajectory deviations. Wide spectrum of DISCON control tasks (punctuality, regularity, synchronizing priority control) call for a multi-criteria integrated approach. In the papers [Adamski 1998 [Adamski ,2003 ] the 1-D and 2-D (primal and dual) dynamic control plant representations have been developed and illustrated by a family of single criteria optimal control DISCON solutions of dead-beat, LQ, LQG type. The efficient dispatching multi-criteria priority control mode at traffic signalized intersections was proposed as an option in the PIACON (Polyoptimal Intelligent Adaptive CONtrol) method [Adamski 2006 ]. The originally different options of the DISCON method were developed and implemented in the public transport [Adamski 2005 [Adamski , 2011a .
In this paper some adaptations of the DISCON method to logistics routing problems are proposed. The operation of logistics vehicles in urban areas is influenced both by traffic conditions (e.g. traffic congestion, traffic events, interactions of drivers with actual traffic situations) as well as by customers demand (e.g. 2-D spatio-temporal demand randomness and behavioral uncertainty). In DISCON real-time dispatching control method these aspects are represented in the control model by disturbances and parameters variation and guaranty of robust features of generated control actions. Nowadays advanced computer, sensors, communication and control technologies create the family of new enabling technologies for advanced control actions. The new capabilities of hierarchical multi-layer ITS-ILS systems concern the system functionalities realized in integrated network-related way on different system layers. More available traffic data sources (e.g. video detectors, lasers, vehicle probes [Leihs, Adamski 2011] , VICS vehicle platforms, GPS offer more network-related information enabling to formulate and solve more advanced system layers tasks. In particular, the advanced sensor systems offering high quality 2-D traffic data concerning the individual vehicles (e.g. vehicle type recognition and tracking) that through Adamski A., 2015 , Routing problems based on Hils System Platform. LogForum 11 (1), 87-98. DOI:10.17270/J.LOG.2015 effective communication media can be gathered remotely and integrated across hierarchical ITS-ILS systems platforms. The monitoring and intelligent surveillance layer tasks are a typical in this area and require dedicated data fusion for intelligent traffic situations diagnosis tools. The advanced multicriteria traffic control layer fully integrated with monitoring and surveillance layer uses these diagnosis results for generation of adequate structures of preferences in multicriteria intelligent control (e.g. the traffic situations markers mechanism used in the PIACON method [Adamski 2003 ]. This allows among others to realize real-time congestionrelated multi-criteria control actions and explore the beneficial network-related synergic effects by multi-layer integrated operation. In the logistics systems it may be especially explored in the real-time priority control area by integration of PIACON-DISCON methods. Priority control option in DISCON method is an essential component of the control actions aimed in reduction off-reference trajectory and off-scheduled time window deviations. In DISCON these control options are called respectively; the punctuality and synchronizing dispatching control options dedicated to realtime recognized traffic preference situations. The multi-criteria adaptive priority control providing in real-time offers important advantages: flexibility, efficiency, robust features. Therefore, the robust real-time priority control features of PIACON-DISCON methods will be also explored in the context of logistics vehicles "reference trajectory" robust prediction, estimation and control solutions embedded in multi-layer HILS platform. DISCON control problem: reference trajectory deviations i.e. dynamic propagation offschedule arrival t At this point all DISCON public transport dynamic dispatching control options (deterministic, stochastic, single/multi-criteria, robust, anticipative, priority control) [Adamski 1998 [Adamski , 2003 ] are available for HILS application. For example LQ/LOG logistic bottom direct HILS control layer dispatching control problems may be formulated as follows:
where Qk , R k are symmetric nonnegative definite weighting matrices, the first and the second term may be regarded as the offreference trajectory deviations penalties at terminal (T) and all customers points. The last term penalize the weighted sum of squares of control actions.
In addition the vehicle load balance equation and fuel consumption minimizing vehicle routing option can be added to DISCON multi-criteria dispatching control [Adamski 2011b ].
For a given time window TW=[aj,bj] the reference point of vehicle arrival to j-th customer can be selected for example as aj + TW/3. The logistics' services consist in different routes assigned to different vehicles therefore in the illustrative example of the DISCON LQG control solution we have three routes for three vehicles (see Fig. 2 ). In Fig.  2-4 the LQG DISCON solutions for the optimal routes selected in the optimisation layer and high quality of the Kalman filter estimations of the system states for selected routes are presented. Adamski A., 2015 , Routing problems based on Hils System Platform. LogForum 11 (1), 87-98. DOI:10.17270/J.LOG.2015 94 
ROBUST DISPATCHING CONTROL IN LOGISTICS
Wide spectrum of DISCON control options (punctuality, synchronizing and priority control) call for a multi-criteria integrated approach. Special emphasis is placed on the practical usability of the optimal solutions which are to a high degree determined by their robust features. Practically, distributed control hardware architecture with on-board computers, vehicle location and identification (AVLI) systems and decentralized adaptive control scheme seems to be most promising solution. The efficient dispatching multicriteria priority control mode at traffic signalized intersections was proposed as an aggregated option of the PIACON-DISCON methods [Adamski 2006a [Adamski , 2011b . After the detection of the vehicle arrival to the junction and evaluation of its measure of deviations, the dynamic trade-offs with conflicting individual traffic and public transport demands are established by PIACON and appropriate priority robust control options for DISCON are proposed in terms of "robust reference trajectory" [Adamski 2005 ].
The special emphasis has been devoted to multi-criteria robustness features of the dispatching control actions. Reference trajectory priority control is similar to offered by DISCON-PIACON [Adamski 2005 ] interaction for public transport. After the detection of the vehicle arrival to the junction and evaluation of its measure of deviations the dynamic trade-offs with conflicting traffic and robust criteria (expressed in terms of norms of the Hardy spaces H 2 and H ∞ .) demands are established by PIACON and appropriate robust local reference priority options called the "local reference trajectory" for DISCON are proposed. In the logistics applications (i.e. single vehicle at single intersection) some simplified approach can be proposed. The supervision and monitoring layer recognize the control preferences structure for PIACON control method but the DISCON dispatching control method can influence the importance of some priority control measure in preference structure dedicated to real-time dispatching control of the logistics vehicle. To reduce along logistics vehicle routes the influence of the dispatching control actions subjectivity and recognize the adequate preference structure of the control criteria in a given traffic situation, the AHP-Entropy method was used and the ranking is realized (at supervision and monitoring layer) according to calculated distance d2 and close-degree to the ideal point. There are eight control performance criteria (C1-C8) to be evaluated: number of stops, delays, capacity, queues, discomfort measures, priorities, dedicated modes, degree of flexibility. These criteria to be evaluated by six traffic situations markers (TSM1-TSM6) [Adamski 2003 ] representing traffic conditions and operational events such as traffic blockings, operational priorities, network synchronization requirements: free flow, near capacity, over-saturated, priorities, "synchro". The proposed approach consists of 5 steps (see Table 2 -3): A. Standardize the TSM (Traffic Situations Markers) and determine target matrix; B. Determine the entropy indicator weight λe for TSM; C. Calculate the weights by AHP and combine with λe to get comprehensive weight WW; D. Construct the normalized matrix to determine the ideal point; E. Calculate the distance d2 and close degree to ideal point to sort control criteria in preference structure. In Fig. 5 the corresponding example of such above preference related delay -capacity mode for PIACON control method generated from supervision and monitoring layer is presented .
Different points from Compromise Set offers different signal plans/ green signals for traffic signal groups therefore DISCON methods preserving compatibility of the general control preference structure can in intelligent way influence the dedicated green signal from the point of view priority control of the logistics vehicle. The robust control measures considered in multi-criteria PIACON control method will verified the DISCON influences. Adamski A., 2015 , Routing problems based on Hils System Platform. LogForum 11 (1), 87-98. DOI:10.17270/J.LOG.2015 . PIACON capacity-delay trade-offs mode selection based on recognized preference structure Rys. 5. PIACON wybór zbioru kompromisów przepustowość-straty czasu bazując na rozpoznanej strukturze preferencji
CONCLUSIONS
The ILS systems are good examples of socio-technical very complex systems. In this paper the proposal of the exploration of the system-wide intelligent dedicated interactions of the hierarchical multi-layers HILS platform for the solution of the complex real-time VRP vehicle routing problems was presented. An illustrative example of the real-time VRP-SPD-TW routing problem was solved. In this example the HILS upper layers offer the context-related LoS and network specifications that determine the adequate routing parameters and problem optimization specifications for optimization layer. The HILS platform related new proposal of the multi-layer decomposition of this problem offering very important problem advantages (consistency, lack of redundancy, essential reduction of dimension, dedicated formulation, inter-layer coordination). At the bottom dispatching control layer the DISCON method from public transport was adopted to logistics applications with actual routing treated as obligatory Adamski A., 2015 , Routing problems based on Hils System Platform. LogForum 11 (1), 87-98. DOI:10.17270/J.LOG.2015 97 reference schedule to be stabilized by real-time dispatching control actions realized along these routes. The intelligence aspects are related among others to context-related trade-offs between routing modifications and corrective dispatching multi-criteria control capabilities e.g. priority or route guidance actions.
